improvement in suckling kits' weight during all the experimental days. At weaning day, G2 and G3 had heavier kits' weight than those in G1 by 26 and 20 %, respectively . Litter size increased obviously due to NAC treatment by 19 to 35 % in G2 and by 5.5 to 23.1 % in G3 than that in G1 during the all experimental days. Mortality rate reduced by NAC injection being the lowest in G2 (4.7 %) followed by G3 (11.2%) and the highest in G1 (23.6 %) . Total milk yield was increased significantly in G3 and insignificantly in G2 compared to that of G1 by 17.5 and 4.5 %,respectively In recent years rabbits industry in Egypt has a great interest as one of the small livestock commercial projects that can play an important role (after poultry industry) in solving meat shortage (Mohammed et al., 2013) . The rabbits have the ability to utilize up to 30% of crude fiber and convert 20% of the intake protein into meat, which considered as a vital source of protein and its content of fat is low (Hassan et al., 2017) . Meanwhile, rabbit farming in Egypt is still unstable because they facing a serious problems (diseases, heat stress during summer season and poor feed quality). Therefore, they need a great attention to protect the industry from economic losses (Diab et al., 2003 and Mohammed et al., 2013) .Many efforts have been done by the Egyptian scientists to improve and manage the rabbit industry. They used different antioxidant as feed additives through supplementation or administration, one of these antioxidants is N-acetyl cysteine (NAC). However, few reasechers used NAC and they were focusing on its therapeutic role in enhancing health and treating aflatoxins in rabbits as reported by Atef et al. (2016) .
The NAC can be defined as, an intracellular glutathione(GSH) precursor that is currently one of the most studied antioxidants as it is endogenously synthesized basically in all cells. Furthermore, it has the ability in regulation of cell proliferation, regulation of immune responses, as well as regulation of leukotriene and prostaglandin metabolism precursor (Agostinis et al., 2014) .In addition, NAC is a commercial product has been tested in human by many studies and reported its positive role in many diseases (Cam et al., 2008; de Andrade et al., 2015 and Gao et al., 2017) . Furthermore, NAC was using in animal experiments and reported positive results, and was introduced orally(well accepted), intravenous or by inhalation (Gao et al., 2017) .
In rabbits, Omar et al. (2012) reported the ability of NAC in reducing glucose level in induced diabetic rabbits by conferring protection to pancreatic ß-cells from reactive oxygen species (ROS) which causingß-cells toxicity and reduction in glutathione (GSH) production.Likewise, Atef et al. (2016) proved the ability of NAC in providing hepatic cell protection from cancer caused by aflatoxin B1 in induced aflatoxicosis in rabbit by using 50 µg of AF dissolved in 0.5 ml of olive oil/ animal daily for four weeks, then treated them with two different doses of NAC (250 and 500 mg/kg BW). They recommended that, treatment with a high dose of NAC may interfere with hepatic normal metabolic functions by reducing the elevated activity of ALT, AST and ALP (which considered a marker that expresses the severity of liver injury) and impairs liver recovery from aflatoxin B1hepatotoxicity. Also, they proved that NAC is considered today a critical demand to safe animal health.
Therefore, the impact of the performance enhancing effect of NAC on rabbits is very rare particularly under Egyptian conditions. Therefore, the present study was undertaken to evaluate whether NAC has beneficial role in enhancing the physiological, reproductive and productive performance in NZW rabbits under Egyptian conditions, especially since we did not find researches have been conducted in this area.
MATERIALS AND METHODS
The present study was carried out in Rabbit Research Unit at Sakha Research Station located in Kafr El-Shiekh governorate, Egypt, belongs to Animal Production Research Institute (APRI), Agricultural Research Center (ARC). The fieldwork was executed during the comfortable months of rabbit production in Egypt from October to December. Meanwhile, the laboratory work was carried out in APRI labs.
1-Experimental animals and management:
In this experiment, a total number of 21 pregnant, healthy, primiparous New Zealand White (NZW) rabbit does aged between 5-6 months were used. The animals were housed individually in galvanized wire batteries in well ventilated indoor pens. Does were fed ad libitum at 8:00 and 15:00 for three weeks of physiological adjustment period. The rations satisfied the nutrient requirement of the does according to NRC (1977) , provided 18% crude protein, 13.4% crude fiber and digestible energy 2500 kcal/ kg diet. Fresh and clean water was available ad-libitum. The pregnant does were randomly divided into three equal groups (7 does in each group). The first group (G1) was served as control group without any administration; their average body weight (BW) was 3078 ±70.2 g. The second and the third groups (G2 and G3) were injected subcutaneously with 50 and 100 mg N-acetyl cysteine (NAC) / kg BW, respectively. Their average BW was 3013 ±70.2 g and 3067±70.2 g, respectively. The NAC was purchased from commercial pharmacy and the injection with NAC doses waslasted for seven consecutive days according to Omer et al. (2012) and started on day 14 of pregnancy according to Schaefer et al. (2007) . The experiment was lasted for three months continuously, started on October and ended on Novemberuntil the weaning age of the progeny.
2-Plasma biochemical analyses:
Blood samples (about 3 ml) were collected before one day of NAC injection (day 13 of pregnancy, placentation period according to Wahab et al. (2016) ,then on days 21, 28 of pregnancy (days of fetal growth, Wahab et al. (2016) and day of parturition. The samples were collected in heparinized tubes from each doe and were centrifuged at 3000 r.p.m. to get blood plasma that stored under -20°C until biochemical analysis. A colorimetric method was used to determine Glutathione-S-Transferase (GST), Malondialdehyde (MDA) and Hydrogen peroxide (H 2 O 2 ) by using kits obtained from Bio-Diagnostic Company, Dokki, Giza, Egypt. Quantitative colorimetric determination of total protein (TP, g/dl), albumin (Alb,g/dl) and triglycerides (TG mg/dl) were executed by using kits of Stanbio Laboratory Inc, procedure No. 0280. (San Antonio, Texas, USA). Globulin concentration (Glb, g/dl) was calculated by subtracting Alb values from TP values. Albumin/ Globulin ratio (A/G ratio) was calculated. Kits from EGY-CHEM for lab technology (Badr City, Industrial Area Piece 170 -Egypt) were used in determination of concentrations (mg/dl) of blood urea nitrogen(BUN) and creatinine (CR) as indicators for kidney functions. Activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) as indicators for liver functionswere determined colorimetricly using kits supplied by Sentinel Ch. SpA-Via Robert Koch, 2-20125 Milan-Italy. All determinations were performed according to the procedures outlined by the respective manufactures.
3-Body weight and litter size:
Pregnant does were reared to full gestation and to 30-day post-partum to determine the changes in their live BW. During pregnancy period, rabbit does were weighed using sensitive balance at day 14 from pregnancy, at day 28, at partum day and at weaning day. In addition, the litter size and weights were recorded from their birth and lasted concurrently with collecting milk samples. Mortality rate (MR) was estimated during the period from birth to weaning age.
4-Milk samples and analyses:
Milk yield (MY, g/d) was determined by calculating the difference in kit´s body weight before and after suckling. The amount of daily milk yield / doe (DMY, g/d)and the average of total milk yield (TMY) during the whole lactation period (four weeks) were determined. Milk samples were collected at weekly intervals and kept frozen at (-20• C) until the chemical analyses were executed. Percentages of milk fat (MF), lactose (ML), protein (MP), total solids (MTS) and solids not fat (MSNF) were determined by Milkoscan® analyzer (130 B, N. Foss Electronic, Denmark) at International Livestock Management Training Center at Sakha, Kafr El-Sheikh governorate.
5-Statistical analysis:
The collected data were subjected to two way analysis of variance to detect the effects of treatment(T) and time of collecting blood samples (sample date, SD) and their interaction (T*SD) using the general linear model (GLM) procedure of SAS (SAS, 1999).
The statistical model used was as follows: Y ijk = µ + T i + SD j +(T*SD) ij + e ijk Where: Y ijk = the individual observation, µ = The overall mean, T i = The effect of the treatments (i= 1,2,3), SD j = the effect of time (j=1, 2, 3, 4), (T*SD) ij = Effect of interaction between i th treatments and j th the days of gestation (ij =1,……..12), e ijk = Random error associated with the individual.
The collected data of dam weights, litter size and weight were subjected to one-way analysis of variance to detect the effect of treatment with NAC.
The statistical model used was as follows: Y ij = µ + T i + e ij The differences among treatments, time and interaction means were separated according Duncan's Multiple Range Test (Duncan, 1955) . The significance level was set at 5%.
RESULTS AND DISCUSSION
1. Physiological parameters:
Antioxidant status:
Treatment with NAC by two doses 50 (G2) and 100 (G3) mg / kg BW increased (P<0.05) the activity of GST than those of control group by 38.6 and 56.1 %, respectively. This increase could be attributed to the ability of NAC in increasing the activity of GST, which might be mediated by glutathione (GSH) synthesis (Kamboj et al., 2010) . This incremental increase of GST activity caused a reduction in concentrations of H 2 O 2 by 13.3 and 35.6% in G2 and G3 compared to those in G1, respectively (Table, 1). The reason of H 2 O 2 reduction may attribute to; GST is one of the most antioxidant enzymes, which play an active role in protecting cell from oxidative stress (OS) by detoxification of H 2 O 2. Also, GST is catalyzing the conjugation of GSH with organic compounds such as hydroperoixdes. This explain the ability of GST in converting H 2 O 2 to water (H 2 O), thereby eliminate the hydroxyl radicals (OH -) then the cell can scavenge the OS (Rao et al., 2013) . In addition, a significant (P<0.05) reduction in concentrations of MDA (a key product of lipid peroxidation) by 23.8 and 33.3 % in G2 and G3 as compared to those in G1, respectively. Therefore, the current study confirmed that NAC administration reduced the OS that occurring during gestation period. It is well established that, pregnancy is a critical period causing OS (Krieing and Loch-Caruso, 2001 ), because synthesis of prostaglandin which involved in embryo implantation leading to the presence of some free radicals (Hope et al., 1975) . Furthermore, it could be noticed that the high dose of NAC treatment was more effective than that of low dose as observed in G3 (Table, 1 ). Activity of GST in does of G3 was insignificantly higher than that in does of G2 by 12.7%. On the other side, the decreases in levels of MDA and H 2 O 2 were insignificantly greater in G3 than those in G2 by 12.5 and 25.6%, respectively. This also assured the beneficial effect of the high dose of NAC injection in reducing the OS through increasing the activity of GST and decreasing levels of MDA and H 2 O 2.
It is important to clarify that, few researches have been conducted to determine the activity of GST in rabbit, most of them (Rao et al., 2013 and Fedets, 2015) were concerning in measuring its activity in tissues not in blood plasma or during pregnancy period. This is consistent with Fedets (2015) who found little information on GSH-dependent enzymes activity in food producing animals and stated that most of the data are about rat, mouse and human.
Regarding to the effect of gestation period, activity of GST tended to be increased with the advancement of pregnancy. It was the lowest at day 13 and the highest at kindling day. This may be to scavenge the free radicals, which produced during gestation as the embryo's weight increased. Meanwhile, levels of bothMDA and H 2 O 2 were fluctuated between increases and decreases during days of pregnancy. The highest levels were recorded at day 21 for MDA and at day 13 and at kindling day for H 2 O 2 (Table, 1 ). With respect to the effect of interaction between treatment and gestation period, activity of GST rose clearly at kindling day in treated groups particularly in G3. In contrast, both MDA and H 2 O 2 levels were decreased in treated groups, especially in G3 (Table, 1 ). This, again, confirmed the beneficial influence of NAC injection in reducing the OS in pregnant rabbit does. The increase of GST activity was accompanied with the decline in both MDA and H 2 O 2 levels except at day 28 of gestation. This relationship, between the three parameters (GST, MDA and H 2 O 2 ) could be attributed to; NAC is working as intracellular GSH precursor by increasing enzymes involved in GSH synthesis. Then, the production of GSH increased which in turn increases the activity of GST to support and accelerate free radicals removal then protecting the cell against apoptosis (Lin et al., 1997; Eraslan et al., 2005 and de Andrade et al., 2015) .
The present results agree withthose of Atef et al. (2016) who treated rabbitswith NAC to eliminate the toxic effect of aflatoxins and recorded that, NAC has the ability in reducing MDA and elevating GSH level. Furthermore, the present findings agree with Cam et al. (2008) who confirmed the safety use of NAC. They used higher doses of NAC reached to 500 mg/kg to treat rabbits from aflatoxins and they did not recorded any abnormal values in blood parameters.
Relevant blood metabolites:
The treatment with high or low doses of NAC did not significantly affect TP, Alb, Glb and A/G ratio and all the recorded values were close to each other as shown in Table ( 2). The obtained values are within the normal physiological range according to Özkan et al. (2012) who stated that TP in female rabbits ranged between 4.9-7.9 g/dl. In addition, Verag (2002) reported that Alb level in rabbits normally ranged from 2.7 to 5.0 g/dl and from 1.5 to 2.7 g/dl for Glb. This indicate that NAC injection has no adverse effect on metabolic processes and assured the safety use of NAC. It is well known that blood proteins are good indicators of animal health, particularly Alb level which considered as a reflection of the animal ability to synthesize and store protein and working as an index of nutrition status (Ashour etal., 2004 and Meineri et al., 2016) .
The present results disagree with those ofCam et al. (2008) who administered NAC intramuscular (250 mg/kg body weight) to treat rabbits from aflatoxin. They recorded a decrease in serum TP (decreased from 6.7 to 4.7 g/dl). Also, the study disagree withAtakisi et al. (2016) they treated New Zealand rabbits with NAC and collected blood samples after 3,6 and 9 hours of NAC injection and found that, TP concentration declined from 6.00 before injection to 5.5 g/dl after 9 hours of NAC injection. The same decline was found for Alb and Glb concentrations. During gestation period from day 13 to day 30, the current averages of TP, Alb, Glb concentrations and A/G ratio are 6.2, 3.7, 2.5 g/dl and 1.5, respectively. The obtained averages of TP, Alb and A/G ratio were higher than those found by Ashour et al. (2017) they recorded that TP, Alb and A/G in primiparious NZW rabbits were 5.65, 2.89 and 1.06 g/dl, respectively.Whereas, the present value of Glb (2.5 g/dl) is slightly lower than that (2.8 g/dl) of the later authors. These differences may be attributed to the climatic conditions, where their experiment was executed during the hottest months of summer season in Egypt. Meanwhile, the present experiment was carried out during the comfortable months for NZW in Egypt.
During gestation days, blood proteins tended to increase with the advancement of pregnancy. Values of TP, Alb and Glb increased from day 13 reaching to the highest values on kindling day by 14.6, 18.9 and 9.5%, respectively. Meanwhile, A/G ratio showed the same value during the gestation days, except on day 21, which showed the highest value (Table, 2 ). These increases in blood proteins with pregnancy progress might reflect the increase of both metabolic rate and liver function. Our findings are in agreement with those of Azoz and El-Kholy (2005) , they found an increase in blood proteins during pregnancy in rabbits. In contrast, our findings disagree with those of Brzostowski et al. (1996) , Ozegbe (2005) and Wahab et al. (2016) , they found that the decreased TP during entire pregnancy period in rabbits may associated with the rapid growth rate (especially in the second half of pregnancy) of the developing fetus. Additionally, they reported that, the decline in Alb concentration might due to the increase blood volume that occurred due to hemodilution during successful pregnancy.
The interaction between treatment with NAC and days of pregnancy cleared that; values of blood proteins did not differed with the two different doses of NAC. The ratio of A/G was fluctuated between increasing and decreasing during gestation days and did not affected by NAC treatment.
Circulating TG showed opposite trend to that of blood proteins, it was affected significantly by NAC injection. Levels of TG decreased (P<0.05) in treated groups (G2 and G3) than that of control group (G1) by 16.3 and 19.5%, respectively (Table, 2). The difference between the treated groups was insignificant, G3 had lower level of TG than that of G2 by 5% only. Values of TG in G2 and G3 are within the normal range as reported by Verga (2002) , who found that TG normally ranged between 123.9 and 155.8 mg/dl. Level of TG in G1 exceeded slightly this range (Table, 2 ). The present levels of TG in treated groups are in close to that which found in rabbits (128.03 mg/dl) by Meineri et al. (2016) . TG is the lipids storage in blood plasma, so the body can use it as a fuel under physiological adjustment (Wahab et al., 2016) and express exactly about the overall metabolism of nutrients. With progress of gestation days, TG levels declined gradually and insignificantly. They were decreased from the highest value on day 13 to the lowest value on kindling day by 17.2 % (Table, 2 ). These decreases are due to the needs of more energy to meet fetal organogenesis requirements, which increased intensively during the second half of pregnancy (Wahab et al., 2016) . The effect of interaction between NAC injection and all the studied days was insignificant (Table, 2 ). This effect cleared that all levels of TG were always lower in treated groups (G2 and G3) than those in G1 during all studied days. In particular G3 which showed the lowest values of TG, whereas G1 exhibited the highest values during all days (Table, 2 ). Furthermore, the interaction effect revealed that TG levels decreased gradually and insignificantly with the increase of gestation days in the three groups. Level of TG declined from day 13 to kindling day by 30.7% (G1), 13.8 % (G2) and 7.1 % (G3).
This could be explained according to the results of Brizzi et al. (2003) and Diniz et al. (2006) . They illustrated that, the antioxidant features of NAC may gave it the putative mechanism in reducing blood lipids and the ability to enhance cellular lipids uptake from blood. In addition, Korou et al. (2010) reported that NAC has a great ability in decreasing high level of saturated fat-induced triacylglycerol and cholesterol accumulation in mice liver through restoring the distributed lipid profile. Therefore, all the previous studies assured our findings in the ability of NAC in reducing blood TG to be in normal values. In addition, the present levels of G3are in close to Meineri et al. (2017) who found that the average of TG in rabbits was 128.03 mg/dl. However, this average is lower than the present average (141.3 mg/dl) which estimated during the second half period of pregnancy.
Kidney function:
Owing to the treatment effect, NAC injection insignificantly decreased BUN in treated groups (G2 and G3) than that in G1 by 8.6 and 13.3 %, respectively. This may be due to the improvement of renal function in eliminating BUN from blood to be excreted in urine in treated groups. Concentration of BUN in rabbits influenced by many factors such as; dietary protein level, feed quality and feed restriction. Several authors have reported its normal range; Verga (2002) found that BUN ranged between 36.84 and 50.28 mg/dl. Meanwhile, Özkan et al. (2012) stated that BUN level in rabbits is ranged between 17.78 and 44.63 mg/dl. In the present study, BUN concentration in G1 and G2 were insignificantly higher than the normal values as mentioned before. Whereas, BUN level in G3 was fall within the normal range. This indicate that NAC treatment particularly with high dose (100 mg/kg BW, G3) may has the ability to reduce the elevated level of BUN. This finding agree with that of Cam et al. (2008) who reported that NAC provides protection against negative effects on performance, renal and liver damage and biochemical alterations induced by diseases. The present values of BUN were higher than those reported by Atef et al. (2016) who treated rabbits that suffered from aflatoxin, with NAC and found that BUN levels in control group was 39.48 mg/dl.
The opposite trend was obtained for CR concentration. It was increased slightly in both G2 and G3 than that of G1 by 2.3 and 5.5 %, respectively (Table, 3 ). Level of CR was significantly higher in G3 than that in both G1 and G2, but still within the normal physiological range according to Özkan et al. (2012) , who found that CR concentration ranged between 0.68 -1.58 mg/dl. This means that, NAC treatment did not negatively affect kidney function. Creatinine is the nitrogen waste product of creatine that presented in muscles. Any changes in its concentration is pointing to renal functions, for example renal diseases resulting in abnormal elevation in creatinine level. When the improvement of renal function takes place, creatinine level returns to its normal value (Verga, 2002) .
Through 13-30 days of pregnancy, the present averages of both BUN and CR concentrations were 52.2 and 0.88 mg/dl, respectively. The present value of BUN is greatly higher than that (16.0 mg/dl) found by Ashour et al. (2017) in primiparous NZW rabbit does, meanwhile the CR level (0.88 mg/dl) is almost the same.Days of gestation had obvious effect on both BUN and CR concentrations. With advancement of gestation days, BUN level tended to decrease. It was reduced (P<0.05) from the highest value on day 13 to kindling day by 28.1%. However, it was insignificantly changed during the remain days and showed the lowest value on day 28 (Table 3) . Table 3 . Blood urea nitrogen (BUN) and creatinine (CR) concentrations (mg/dl) ofprimiparous NZW rabbits as influenced by Nacetylecysteine (NAC) administrationduring gestation period.
a, b,c Means in the same column with different superscripts are significantly different (P<0.05).G1= control group; G2 and G3 = groups injected with 50 and 100 mg NAC / kg body weight.
Contrarily, CR level tended to increase with gestation progress. It was increased from day 13 to reach the highest value on day of parturition by 16.9 %. These increases in CR level might reflect the elevated level of protein metabolism during this important period for fetal growth (Gurgoze et al., 2009 ). The effect of interaction between treatment and gestation days confirmed the previous findings that the beneficial effect of high dose of NAC in remarkable reducing (in G3) of BUN than the other two groups, in specific G1. In the three groups, the lowest values of BUN were observed on day 28 and the highest were obtained on day 13. Whereas, the highest values of CR were observed on kindling day in the three groups ( gestation being 0.99, 0.81 and 0.79 mg/dl, respectively. They attributed this decline to the increased of glomerular filtration rate.
.Liver function:
Activities of transaminase enzymes in the three groups ranged between 21.9 and 29.8 U/L for AST and between 33.9 and 50.1 U/L for ALT (Table,  4 ). The present values of these enzymes are within the normal physiological ranges, which ranged from 10 to 98 U/L for AST and from 25 to 65 U/L for ALT as reported by Verga (2002) . He also stated that, ALT activity in rabbits is lower than the other species. These findings indicate that, NAC treatment had no negative effect on liver function and assured the good health status of rabbits, where an elevation of these enzymes is consider a sign of liver disease (Benson and Paul-Murphy, 1999 and Jenkins, 2000) . During gestation period (13-30 days), the averages of AST and ALT activities were 26.7 and 39.9 U/L, respectively. The present values disagree with those of Ashour et al. (2017) who found that the activities of both AST and ALT in primiparous NZW rabbits were 28.50 and 20.28 U/L, respectively.
With regard to the effect of treatment, NAC injection decreased both AST and ALT activities in treated does in comparison with those in G1 (Table, 4 ). AST and ALT activity decreased slightly and insignificantly in G2 than that in G1 by 4.5 and 13.8%, respectively. Meanwhile, those enzymes declined markedly and significantly in G3 than that in G1 by 26.3 and 32.3%, respectively. The remarkable decreases (above 20%) of both AST and ALT activity in G3 compared to G2 cleared that the high dose (G3) of NAC injection was more effective in reducing their levels, but still within the normal ranges, than that of the low dose (G2). This, again, assure the safety application of NAC treatment in reducing enzymes activity without harmful and complicated effects on liver function. These results confirmed by Wang et al. (2015) who reported that NAC could inhibit and reduce the expression of inflammatory cytokines that caused the difference in serum AST and ALT which considered to be one metric to assess severity of liver injury. It is clear that the highest activity of AST and ALT were observed in G1 and the lowest ones were obtained in G3 (Table 4) .
Days of pregnancy had a marked effect on both AST and ALT activity. Both AST and ALT declined (P<0.05) from the highest values on day 13 to the lowest values on kindling day by 37.8 and 65.8%, respectively. The decline in ALT activity was more pronounced than that of AST (Table, 4 ). The high levels of both enzymes during all gestation days than that at parturition could be attributed to the hyper activity of liver during these days for increasing metabolism due to fetal growth. These findings are in agreement with those of Wells et al. (1999) and Wahab et al.(2016) . However, the present results disagree with those of El-Mghawry et al. (2000) , Azoz and El-Kholy (2005) and Sayed et al. (2005) , they found an elevation in AST and ALT activity during gestation period in rabbits. Data of interaction between treatment and days of gestation cleared that, both enzymes decreased with advancement of pregnancy in the three groups from the highest values on day 13 to the lowest values at day of parturition, except G1 which showed the lowest value of AST at the day 28 of pregnancy.
Reproductive traits: 2.1. Doe weights:
Data in Table ( 5) showed that NAC administration had a positive effect on live BW of does in G3 group that injected with 100 mg/kg BW. Their BW was insignificantly increased by 1.5, 3.1 and 3.0% at the 28 th day of pregnancy, at partum and at weaning days, in spite of their BW was almost equal with that of G1 group on day 14 of pregnancy (after one day of NAC injection). On the other side, injected primiparous does in G2 exhibited comparable values of BW to those in control group (G1). Their BW slightly and insignificantly decreased and increased through the respective four times (Table 5 ). However, the differences and changes in live BW of the three groups across the experimental period were insignificant.
The noticed numerical increase in BW of treated does in G3 could be attributed to their improvement of the physiological traits especially the antioxidant status as shown in Table ( 1) and animal health as confirmed by kidney andliver functions (Tables 3 and 4) .
On day 14 of pregnancy, the highest BW was observed in control group followed by those in G3 then G2. As pregnancy advanced, does´ weight increased by 8.7, 13.1 and 10.9 % from day 14 through day 28 in G1, G2 and G3, respectively due to the increase in embryo weight and the presence of embryonic fluids. From day 14 of pregnancy to parturition day, does´ weight were declined in the three groups. This decline was greatest in G1 (-4.3%), moderate in G2 (-2.2%) and lowest in G3 (-0.7%). It is clear that, the reduction in BW of treated does was lesser than that in control group, particularly in G3. This may be due to NAC injection helps does to sustain their BW and health as proved previously (Tables, 1, 2, 3 and 4) . Meanwhile, the decline rate in does´ weight from kindling day to weaning day was slightly higher (-2.4%) in treated groups (G2 and G3) than that in G1 (-2.3%). This may be due to that treated does nursing greater size and weight of their kits than those in G1 (Table, 5 ). From day 14 to weaning day, the average of doe weights in G1, G2 and G3 were 3065, 3062 and 3121 g, respectively.
Litter size:
Litter size (LS) increased obviously due to NAC injection in G2 and G3 than that in G1 (Table 5 and Figs. 1 & 2) . These increases in LS ranged between 19 % at birth to 35% at weaning in G3 compared to G1. Whereas, the corresponding increases in G2 were 5.5% to 23.1%. It is clear that, values of G3-G1 were always higher (P<0.05) than those of G2 -G1 during all the days from birth to weaning. At both 21 and 30 days, G3 and G2 had higher LS than that of G1 by 35% and 23%, respectively (Table 5 and Fig. 2) . LS was always the highest (P<0.05) in G3 and the lowest in G1 during all the days post-partum. During the first week of lactation, LS reduced by 11.8% and 4.7% in G1 and G3, respectively (Table, 6 ). In contrast, it was stabilized in G2, may be due to the higher MY in this group in comparison to the other groups (Table, 7 ). Thereafter, the LS was stabilized from the mid lactation to the weaning (Table 6 and Fig., 1) . This observation may be due to that kits during this period depend on both mother's milk and offered feed.
During weaning period (0-30 days), the averages of LS were 4.67 in G1, 5.61 in G2 and 6.72 in G3. Averages of LS in G2 and G3 were higher than that of G1 by 20 and 44%, respectively. It is obvious that administration with NAC had a pronounced effect on mortality rate (MR). Kits of the treated does (G2 and G3) showed lower MR than those in control group. From birth to weaning, it was the highest in G1 (23.6%), followed by G2 (11.2%) and the lowest in G3 (4.7%). The improvement in reproductive traits of primiparous rabbit does in the current study could be attributed to NAC treatment which promoted the physiological traits particularly the antioxidant status and their health as proved by efficient liver and kidney functions. Table 6 . Average ofDaily (DMY) and total (TMY) milk yield (g/d) as influenced by N-Acetylecysteine (NAC) administration in primiparous NZW rabbit does during the four weeks oflactation.
a, b ,c Means in the same column with different superscripts are significantly different (P<0.05).G1= control group; G2 and G3 = groups injected with 50 and 100 mg NAC / kg body weight.
Litter weight:
Administration with NAC enhanced suckling kits´ weight as presented in Table (5) and Figs. (3 & 4) . Their weight increased progressively form birth till weaning by 86.8, 89.2 and 88.1 % in G1, G2 and G3, respectively. The greatest increase in treated groups attributed mainly to the higher milk yield than the control group (Table, 6 ). Both treated groups (G2 and G3) showed heavier litter weights (LW) than those in control group (G1) during all the experimental days (Figs., 3 and 4) . During the post-partum days till weaning, the increases in LW of G3 and G2 over those in G1 ranged between 18.2 to 26.1 % and 1.6 to 21.4%, respectively (Fig. 3) . On day 21 and day 30, litter weights in G3 and G2 exceeded those in G1 by about 20 and 14% and 26 and 20 %, respectively. However, the difference between G2 and G3 was insignificant. Meanwhile, the changes among the three groups at birth were insignificant (Table, 5 ). The greatest increases in LWs were occurred during the last period (28-30 day) just before weaning. These increases were 40.9, 57.6 and 53.8% in G1, G2 and G3, respectively. It is well known that, LW at birth is the most important factor among the different factors that affecting MY. It could be noticed that kits born with heavier weight (G3) grew faster than those born with lower litter weight (G1 and G2). From the present results, the increased LW in injected groups (G3 followed by G2) with NAC than that in control group (G1) may attributed to that NAC injection caused an elevation in MY, therefore providing the sufficient quantity of milk for the growing kits. As reported in previous studies, rabbit's milk is the source of nourishment for the newborn that needs high-energy requirement. Therefore, their early ability to grow well is closely related to the quality of milk especially that are depending on their mother in feeding for 18-19 day of age (Farga et al., 1989; Lukefahr et al., 1989 and Toranto et al., 2003) . Drummont et al. (2000) and chrenek et al. (2007) stated that rabbit pups with higher birth weight grew faster than the lower one. This explain the rapid growth of kits in G3 in comparison with G1 and reaching to the heaviest weaning weight.
Productive performance:
3.1. Milk yield: Average of total milk yield (TMY, g/day) was increased significantly in G3 and insignificantly in G2 than that in G1 by 17.5 and 4.5%, respectively ( Table 6 and Fig., 5) . The increased TMY in treated groups could be attributed to the increased their LS and LW, as shown previously (Table 5) , in comparison to those in G1. The LS and LW are the main factors that affecting MY in rabbit does (Maertens et al., 2006) . In addition, Partridgeand Allen (1982) found that when does are nursed 8 kits their milk production increased by 24.1% than those nursed 4 kits only. Furthermore, it could be noticed that the high dose of NAC injection was more effective in promoting milk production as seen in G3 (Table, 6 ). Where, does in G3 produced more milk than those in G2 that injected with low dose throughout the four lactation weeks (1,2,3 and 4) by 5.6, 11.7, 8.8 and 18 .3%, respectively and also on average by 11.1%. Moreover, this notice confirmed by the highest amounts of DMY and TMY in G3 during all lactation period (Table, 6 ). Also, the effect of high dose (G3) was more evident than that of low dose (G2) in comparison with G1. Where, the DMY during the consecutive four weeks of lactation in G3 were greater than those in G1 by 28.6, 9.9, 20.6 and 14.5%, respectively. Meanwhile, DMY in G2 compared to G1 was increased by 21.4 and 9.6 % in the 1 st and 3 rd weeks and decreased by 2.9 and 6.4 % in the 2 nd and 4 th weeks. These findings revealed that high dose (100 mg/kg BW) had positive impact in enhancing milk production as proved in dose of G3 which had the better antioxidant status, kidney and liver functions as shown in Tables (1, 3 and 4).The primiparous rabbits does, in the three groups, lactated for four weeks reached their peak at the third week of lactation (Fig.,5) . This is agree with Casado et al. (2006) they stated that, lactation period in rabbit does usually ranged between 4-5 weeks; reaching their peak of lactation after 18-19 day of kindling. However, primiparous does may be subjected to intensive reproductive rhythm; their peak of lactation will be earlier 2-3 days (Pascual et al., 1999) . In the current study, does in G1, G2 and G3 increased their DMY from the 1 st wk. to the 2 nd wk. by 66.7, 33.3 and 42.6%, respectively. The corresponding increases from the 2 nd to the 3 rd wks. were 34.3, 51.5 and 46.8%, respectively. Meanwhile, DMY dropped directly and drastically by 34.1, 43.7 and 37.2%, respectively, during the last week of lactation. Thus, the three groups showed the same pattern of milk production during the whole period of lactation. Our findings are fully agree with those of Lukafahr et al. (1983) , Cherenk et al. (2007) and El-Sabrout et al. (2017) , they reported that, rabbits milk is elevating gradually until the day 20 of lactation, afterwards it is declined reaching to the end of lactation (generally at day 30 of lactation). 
Milk compositions:
The effect of NAC administration was insignificant on all milk components, except ML (Table 7) . MF (%) insignificantly decreased in G2 and G3 compared to G1 by 12.3 % and 16.4 %, respectively. This attributed mainly to the higher MY in treated groups than that in control group. It is well established that there was inverse relationship between MY and MF (%). In the three groups, values of MP (%) were almost constant. However, MP (%) was slightly and insignificantly lower in G2 and G3 by 3.6 and 1.8 % than those in G1. In comparison with G1, ML (%) increased (P˂0.05) in G3 by 15.2 % and decreased insignificantly in G2 by 7.4 %. Ash content (%) of rabbits' milk was equal in the three groups. Whereas, MTS (%) was decreased slightly in G2 and G3 by 6.2 and 5.1 % compared to G1. MSNF (%) was equal in G3 and G1 and decreased slightly in G2 by 3.4% than that of G1.
During lactation weeks, MF (%) showed the highest value at the 1 st wk, then dropped (P<0.05) markedly during the 2 nd and 3 rd wks, to reach the lowest value at the 3 rd wk (peak of lactation) by 49.1 % and increased (P<0.05) at the end of lactation (Table 7) . Maertens et al.(2006) reviewed that the fat content of doe milk during the 4wks of lactation period ranged between 12.7 % in wk 1 and 14.0 % in wk 4, with an average of 12.9 %. This average is higher than the present average (11.0%). Meanwhile, MP (%) increased (P<0.05) gradually with the increase of lactation wks., except at the Table 7 . Impact of N-acetylcysteine (NAC) administrations on milk compositions (%)in primiparous NZW rabbit does.
3 rd wk. It was increased (P<0.05) from the lowest value at the 1 st wk to the highest value at the 4 th wkby 22 %. This result is comparable to that reported by Peaker and Taylor(1975) they found that MP was increased during the whole lactation period. In contrast, the present values of MP are much higher during all lactation stage than those reported by Maertens et al.(2006) who stated that the MP content during the entire lactation period (4 wks) ranged between 11.9% in wk 3 and 13.4% in wk 4, with an average of 12.3 %. This average is more lower than the present average (16.6 %).
ML (%) increased sharply during the first three wks of lactation. It was rose (P<0.05) from the lowest value at the 1 st wk to the highest value at the 3 rd wk by 112.5%. Then, slightly declined at the 4 th wk (Table, 7) . These results agree with those of Peaker and Taylor (1975) . But, disagree with those of Maertens et al.(2006) who reviewed that ML declined by the ending of lactation and the amount of decreasing in ML was higher than drop in MY. In addition, the present value of ML during the 2 nd , 3 rd and 4 th wks were more greater than those of Maertens et al.(2006) who stated that the ML of doe milk ranged between 1.6% (1 st wk) and 1.9% (3 rd wk) during the 4 wks of lactation, with an average of 1.7%. The present average (2.9%) of ML is striking higher than that average. It is well known that the lactose and sodium are two of the main constituents concerned in maintaining the constancy of the osmotic properties of milk (Maertens et al.,2006) . Milk ash (%) was stable throughout the whole lactation period. This finding is completely disagree with that of Maertens el al.(2006) who stated that the ash content of rabbit milk increases from about 1.9 % during the 1 st wk of lactation till 2.4 % in the 4 th wk of lactation. These values are strikingly more lower than the present values during all lactation stages. MTS (%) showed the same pattern of MFduring the first three weeks of lactation, it was reduced gradually. Thereafter, it was increased (P<0.05) from the lowest value at the 3 rd wk to the highest value at the 4 th wk by 24%. Moreover, MSNF (%) changed (P<0.05) during the first three wks. of lactation, then increased (P<0.05) during the last wk. It was elevated (P<0.05) from the first to the last wk by 20%. The present average of MTS and MSNF were 37.5 and 26.5 %, respectively.
In general, milk composition (%) of MP, ML, MTS and MSNF significantly increased from the first wk. to the last wk. of lactation. Whereas, MF insignificantly decreased and ash was constant (Table 7) .
CONCLUSION
From the above mentioned results, it can be concluded that NAC injections having largest impact on rabbits performance, particularly with high dose (100 mg/kg BW).The positive and beneficial effect of NAC treatment on primiparous NZW rabbit does was very clear as confirmed by relieving the oxidative stress that results from pregnancy. It increases GST and decreases both MDA and H 2 O 2 . Furthermore, it reduced TG, BUN, AST and ALT indicating good health and no adverse effects on kidney and liver functions. Also, no detrimental effect on the blood parameters was observed.
From the economic point of view, NAC injection improved doe weight, increased both litter size and weight alongside reducing mortality rate. The most obvious economical effect of NAC treatment is promoting milk production especially with high doses (G3) with no detrimental effect on milk compositions, except milk lactose.
In conclusion, this study proved not only the effectiveness, but also the safety of NAC application and its capability to improve rabbit's performance. However, further studies on large numbers of rabbits and for many parities are urgently needed to confirm our findings.
